
•J •  RCISJ::'' ir\f Drtclop.Ttt-,';   (cr,rr.:r.d 

\ 

Human 
Resources 
Research 
Center 

A Comparison Between the Empirical and Rational Approaches 

For Keying a Heterogeneous Test 

by 

Marvin H. Berkeley 

RESEARCH 
BULLETIN 
53-24 
I 



A COMPARISON BETWEEN THL EMPIRICAL AND RATIONAL APPROAC! 
FCR  KEYING A HETEROGENEOUS  TEST 

Project No.  503-OOl-COll 

By 

MARVIN  H.  BERKELEY 

6560th Research and Development Group 
(Personnel Research Laboratory) 
Hunan Resources Research Center 

Air Research and Development Command 
Lackland Air Force Base 

Texas 

RESEARCH BULLETIN  53-2;. 
July 19W 

SUBMITTED BY: 

LLCYD G.   HUMPHREYS 
Director  of research 

6'j60i,h Research and DevelcrT.e: ur> 



ACK:!CV.'LEDGME::iTr. 

.;.-. 
i".   Philip  :;.   DuBois   rave  general   supervision  anc 

.e   Lcevinger  helped  to develop the  research design. 
•r. '.-.'Use I-.. '.-,'.>bb acted as advisors. 7 
r.ariy aunir.i stratorr., clerical assistant 
Ing decrees were   Involved  in  the t-xtcr.s 

V 

I <•. 

together with Dr. 
Dr.  Verncn V.'.   Lerjncn 

author  is  also indebted to 
and  IBM technicians,   v:hc  in 
crnputatiunal   labor. 

This report   is a modified versicn  of a  dissertation presented to the 
Graduate  Beard  of V'ushi.ngtcr.  university  in  partial fuli'i 1 lrr.ent of the  re- 
quirements  for  the decree  of Doctor of Philosophy,   January 19V.    The horco- 
p.er.eous  keys  were  develoced at Washington University  under Contract  AF  33 
(058)-105o8. 

11 



TABli:  OK CONTENTS 

To fie 

Lint of Tables  lv 

Introduction  1 

rurpcao     1 
iilntorical Background  1 

Hypotheses  Tested       U 

Population nnd Criteria  L) 

Preliminary  Procedures t  6 

restatement  of  the   Problem  7 

Homogeneous  Keying  .     7 

empirical Keying  16 

Validation of Keya  l6 

Validation of the Homogeneous Keys  l6 
Cross-Validation of  the Homogeneous and Empirical Keys  21 

Psychological Comparison of  the  Keys  27 

Interpretation of Results.  32 

Evaluation of the Crcss-Valldation      32 
Empirical Versus Homogeneous  KeyLr.g in a  Program of Research     .   . 33 

3 ternary and Conclusions  3U 

Bibliography     36 

hi 



LlJl    O"     l;Uili'..> 

fable Pag/ 

1 First-Cycle Homogeneous  Category  Data  9 

2 Interoorrelations   of First-Cycle  Homogeneous  Categ'iriea   ... 10 

5        Second-Cycle Homogeneous Category L'ata  11 

k In tore or relations  of Second-Cycle Homogeneous  Categories     .   . 12 

5 Final Homogeneous  Category Data--Third Cycle       15 

6 Intercorrelations  of Independent Homogeneous  Categories 
--Third Cycle      ]> 

7 Intercorrelations   of* Independent Homogeneous  Categorien  by 
Cycles 15 

8 Correlatlcr.ii  and Summary Data  of Tentative Empirical  Keys 
and  Criteria 17 

9 Correlations and Summary Data of Empirical  Keys and Criteria-- 
Flrst Cycle 18 

10 Correlations and Summary Data  of Final Empirical Keys and 
Criteria 19 

11 Comparison Between Tentative  and Final Empirical   Kc?ys   ....     20 

12 Intercorrelatlons   of Homogeneous  Keys         22 

1? Multiple  Correlational Data for  Prediction of Final Grade   in 
Officer Candidate School by Homogeneous  Keys 25 

lU        Multiple Correlational Data for  Prediction of Military Grade 
in Officer Candidate School by Homogeneous  Key3 2U 

15 Multiple Correlational Data for  Prediction of Academic  Grade 
in Officer Candidate School by Homogeneous  Keys 25 

16 Multiple  Correlational Data for Prediction of Fas3/Fail  in 
Officer Candidate School by Homogeneous  Keys        26 

yj Jrcsa-Validation of Empirical and Homogeneous  Keys 28 

l8        Cciparlaon of the Shrinkages  of the Empirical and Homogeneous 
Keys after Cross-Validatlon 29 

iv 



Vu'.:; 'TIT. EMPIRICAL AND RATIONAL APi'RCACiiK.I 
i-r.YINC; A JETCROOEIEOir. TEST 

INTRODUCTION 

I'urpcae 

'I:.-    ;..:;•:•!!••   of  this  study   is   to compare   two approaches  of  keying a 
bio•T«:; :-.ir-.".   inventory.     One approach, conalata  of the empirical  i* rivaticr. 
of  :-;•. 73   en  . xt-rr.al  criteria.     This   ia   the well-known  technique   of select- 
ing frrn a  p. o". of  items  thoae which yield a maximum correlation with i 
cr i'.ericr..     T:.e   other approach consists   of  the  development of homogeneous 
?r..i relatively   Independent keya.     These   keya  will ohow high  internal  con- 
sistency,  r.::i   the  item aclectlon will not depend upon a relationship with 
•-.:. external criterion. 

After ':.«• homogeneous keys are validated on the same external criteria 
with which the empirical keys were developed, both keys are to be evaluated 
by men:;;, of c".ro83-validaticn on a new sample. The biographical inventory 
to be k;-ycd is /river, experimentally at present to officer candidates in the 
Air Forr.v and In known by the cede number, CF.60BC. This study han im: lica- 
tlona for the construction, analysis, and use of such testa n3 they apply 
in educational,  vocational,  and personality  guidance. 

Historical  Background 

Empirical  .-*e.ylr,K 

'i'venty-three empirical methods  have  been described by Long and Sandi- 
ford   (l6).     Oullikaen  (11,   p.   36k)  notes  tra*  of  these,  nearly all   over- 
look  the   theoretical aspects  of the  reliability and validity of  the   total 
teot with a  few notable  exceptions   (l,   13,   20,   22,  2l). 

Apart frcm these methods which were  Hated  in the  Long and Hcndifcrd 
survey,   others  have  3ince  been proposed.     Several  of  these are  presented 
as   representative  procedures  of empirical  keying. 

Horst  (12)  has devised a method wnich  Involves  the  computation of  the 
mean criterion score and  the mean total test score  of all subjects who 
answered correctly on any particular  item.    Through plotting,   this cetnod 
retains   the   Items  with,  the   largest  Index.     The author  claims   tr.is method 
in   leab   time-consuming and,  at  the  same   time,  yields at  least as  high va- 
lidities  as   his method  of successive  residuals. 

Flanagan   (7)  suggests a method of item selection in which n nucleus 
of  the meat valid   items are  first selected,   and   items  are  added  to or  sub- 
tracted  frcm thin nucleus by comparing the  Item-nucleus correlation of each 



item with  the  item-criterion correlation.    The  items having a higher  corre- 
lation with the  criterion  than with  the  nucleus  arc retained,   while  the 
others  are  dropped.     The  cycle  can be  repeated,   but Flanagan notes  that 
only a  small  increment,   of  improvement  results  from additional  cycles. 

Gleser and DuEiols   (8)  have  developed a method very similar to that 
of Flanagan.     However,   they utilize  the  item-criterion and item-test  corre- 
lations  to compute an  index for each item of  the  form: 

rjt   , 
2 

t 

This index provides a correction for whether or not the item is included 
in the nucleus "t," and also takes into account the changes in item-total 
correlations which result after the first selection is made.  It provides 
an exact criterion of how many items to retain in the final test. 

Dailey (14) has presented a relatively recent method for keying bio- 
graphical data empirically. This method grew out of the inadequacy of the 
method of selecting those responses with validity coefficients above a 
given level of significance.  In this method, called the "pattern of re- 
sponse method." all possible responses are correlated with a criterion, 
yielding ccntinua of correlations with multiple-choice Items. Those Items 
for which the correlations show a consistent direction are keyed. Positive 
or negative unit -weights are assigned according to the sign of the coeffi- 
cient, and only the extremes are usually keyed. VJherrcross-validated with 
subsequent samples, this method resulted in less shrinkages and greater 
validity than the method of simply choosing significant Items. 

Each one of the preceding techniques represents the empirical approach 
to keying items. With slight modifications or combinations of two or more 
principles inherent In each method, any one may qualify as the representa- 
tive of the empirical approach for the purposes of this study. Systematic 
comparisons of the methods of item analysis (S, 11, 15, IS, 19, 23) have 
not given much satisfaction for selection of the best method. The choice 
of method seems to depend upon the labor which Is involved for the obtained 
increase in validity, stability of the validity coefficient for subsequent 
samples, and the ultimate purpose with which the test will be used.  It is 
to be noted that with the exception of the "pattern of response method," 
there is little evidence for the greater stability of any one method over 
any other. It is to be emphasized, furthermore, that almost all the methods 
have some points in common with others. At least one fact, hotrever, pro- 
vides a basis for the selection of the method to be used in this study.  It 
has long loeen known that given n items with Identical validities, the two 
items having the lowest correlations with each other will predict the cri- 
terion better than will any other of the possible pairs of items. In other 



words, the items which are selected for inclusion in an empirical key 
should lend unique valid variance as far as possible. Therefore, in the 
development of an empirical key, the intersorrelaticns between the items 
of the key should be considered. This may be dene directly by consider- 
ing the item relationships, or indirectly by considering the item-total 
test relationships. The Gleser and DuBois method of maximizing test va- 
lidity [6)  v:as selected o. the basis of the latter consideration. 

Homogeneous Keying 

Zubin (26) was perhaps the first who applied different methods for 
cemputing item-total relationships in an attempt to develop a homogeneous 
test.  He noted that with the lack of suitable external criteria, as is 
often the case with personality inventories, proceeding by means of the 
internal consistency of the test is the next test approach. 

Factor analytic techniques have been combined with item analysis en 
such tests as the Guilfcrd-Martin "inventory of Factors GAMIN," and the 
Guilford "inventory of Factors STDCR." The major criticisms directed 
against these tests are their lack of validation data and their laborious 
statistical computation.  At the same time, substantial overlap of the 
scales was developed; in some cases the scales were intercorrelated as 
high as the ,70's.  Favorable criticism of -the technique centers around 
the general advances given to test construction, as well as their independ- 
ence  of obsolete and unreliable psychiatric classifIcaticn (4, pp. 80, 82). 
This latter criticism may, of course, be given for any of the methods which 
aim toward the development of homogeneous tests. 

Lcevinger (l6, 17) conceives of homogeneity essentially as the average 
correlation of items within the test. She presents two coefficients de- 
signed to give the degree of homogeneity between any two items and the ho- 
mogeneity cf the test respectively. Cronbach and Damrin (5), however, have 
criticized the use of Lcevinger's ccefficients as being markedly dependent 
en the difficulties of items, and, furthermore, they demonstrated that the 
coefficients do not apply when the relationships between items are lev;.  It 
should be noted that the concept of homogeneity Is dependent en the type of 
test involved.  In ability tests item relationships are high, whereas in 
personality-type tests lntercorrelations between items are characteristi- 
cally moderate or low. Cronbach and Damrin showed lastly that the Kuder- 
Richardson Formula 20, or its derivative "phi bar," was sufficient to show 
the equivalence of the items up to the point where the correlations between 
Items of equal difficulty rise to „80 and .90. This formula, which is the 
mean of all possible split-half coefficients of the test, might be directly 
interpreted as the proportion of the test variance that is contributed by 
the common factors among the items. This systematic use of Kuder-Richardson 
Formula 20 represents an untested though fairly laborious approach for con- 
structing a homogeneous test. 



Another method which results in a homogeneous test ts referred to as 
maximising test saturation" by BuBois, Lcevlnger, and Gleser (6). Briefly 
described, this method takes into account the ratio of common factor var- 
iance that the items contribute to the total variance of a test.  This 
ratio has been titled "the saturation of the test." When items are added 
successively to a nucleus of three or four highly intercorrelated items, 
so as to maximize the saturation, this should result in a homogeneous 
test.  Moreover, if one were to start with nuclei that have little in corn- 
men, the keys that are suosequently developed should be relatively indepen- 
dent. This method was selected to represent the homogeneity approach. 

Examination of the history of keying tests homogeneously reveals 
little application to test validation. What has been done has been carried 
out enly for perscnality-type tests where external criteria are unsuitable or 
lacking. Keying empirically has been carried out generally whenever a 
choice between the two was to be made.  It would appear that a crucial 
study would involve the comparison of two rigorous methods representing c 

each approach for keying the same biographical inventory. This, in short, 
is the over-all purpose of this study. 

HYPOTHESES TESTED 

The following hypotheses are tested by this study: 

1, The empirical keys will contain higher correlations with the 
criteria than the homogeneous keys on thedevelopmental sample.  In the 
first place, Biographical Inventory CE608C was developed by the inclusion 
of those Items which were shown to be valid for prediction of CCS success. 
Secondly, the empirical keys included Items on the basis of their specific 
contribution to the prediction of an external crltericn.  Cn the other 
hand, homogeneous keys are constructed solely cn the basis of the internal 
consistency of the items which may or may not be related to the criterion. 
The empirical keys are expected, therefore, to be characteristically more 
valid than the homogeneous keys. 

2. The empirical keys will show a greater shrinkage and a lower 
validity than the homogeneous keys. The items of the homogeneous keys tend 
to duplicate each other, resulting in the probable cancellation of chance 
errors. By contrast the empirical keys will approach the heterogeneity of 
the criteria they are designed to predict. For this reason homogeneous 
keys can be expected to be generally more reliable than empirical keys. 
Guilford (9) has also pointed out that factoriaiiy impure tests (empirical 
keys) contain variance that is unrelated to the criterion. This invalid 
variance adds spuriously to the validity when chance deviations are opti- 
mally weighted, and this serves to lower a cross-validity as would a like 
amount of error variance. It would, therefore, be expected that these two 
factors would result in a greater shrinkage and lower cross-validity for 
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t'OPULATION   Aid)  CRITERIA 

The  first  step  in  keying by either  the  homogeneous 
preach  Is  to obtain  the  sample  with which  such, keys are 
The   sample   o.n which  the  h.cr.ogeneous  keys v.ere   to be  deve 
nated,   Sample  A.     It   was.   obtained  ty   selecting every thl 
total   pool   of   basic  airmen  who were  administered CiioOF'J 
Y)'j.- until  a  total   of  1000 papers  was  obtained.     Host  of 
in  their  second week of military experience.     These  1000 
scanned for  ccmpleteness and correct  scoring.    The  sampl 
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The sa.'iplt; uti which the empirical keys were to be developed a:.c i:: 
which the homogeneous keys were to be validated was designated, Sample H. 
This sample was composed of all available male graduates and ellminees of 
Officer Candidate School (CCS) Classes f'e-A, r/J-B, and 5O-C, and totaled 
'!>!>(>  graduates and 7$ ellminees. The sample with which the empirical keys 
and the homogeneous keys were cross-validated was designated, Sample C. 
This sample included all available male graduates and ellminees of CCS 
Classes M-A and 'jl-B and totaled 306 graduates and 29 ellminees. 

The fact that the homogeneous keys were developed on airmen and vali- 
dated en officer candidates, while tie empirical keys were developed en 
officer candidates, may represent a serious limitation ir. the study. The 
use of airmen was necessitated by the lack of a sufficient number of offi- 
cer candidates who had been administered CT.608C and for whom criteria data 
were available. Since the basic personality variables, as elicited by 
CE0O8C, may have been somewhat different for the airmen and officer candi- 
date populations, this may have served to reduce the validity of the homo- 
geneous keys. A  comparison of the two keys should be interpreted, there- 
fore, with this limitation in mind. 



?\:c   r f   ;=iy •;(,.•'   ;< >: a (:.   l;.c   :;a - U"< .'.( :rl>rla   which   included 

I.      I'.-'.r.c/f .->.: 1 .      ."!,;:.   criV.rlc; •. a:-,   dolerr.J.-.vi   I..,   i.iilUin,-   the 
i. .'.j   olasrer.   l::to   these   "..hi    .rra-.t'ntfd  :)•.•; 'hose   i.i;<    I'M lie:!   '.<-  -triplet'?   '-he 
.'C'..:T''.     Failure  to ctnplet.c  (CJ was  due • - f It.l.or  low  i-vcr-all   -races  or 
res Igr.a; . cv., 

2.     CC.'i  military iTmio^.    The DO  were  ratings   CM military poten- 
tial mrde  by the   Tactical  Officer  In  charge   cf each flight.    Kaeh  flight 
w>s  composed  of   ,ry  officer candidates. 

5.     CC.'>  academic  ;T;I:!C5.     This  criterion  wan   determined  by dif- 
ferentially weighting  (dependent  upen  the  number  of hours  devoted  ..o each 
course)   objective  achievement   Lest  scores   In  the  various  academic   subjects 
taught.    These  subjects   Included personnel method:;,   supply,   administration, 
military  law,  etc. 

'*.     CCT>   final   trades.    Th.e^e  grades were   obtained  by equally 
weighting the academic and military r.rades into a composite. 

FHKI.1I-5INARY   tt'CCEDl.'RES 

The  first  step  of  both the  homogeneous and empirical  approach was  the 
dlchotcmlzaticn and weighting of  items.     A decision  had to te made  for  the 
most r.eaningful  dichotomy of choices on a five-choice  continuum.     Cr.e  part 
of the   dichotomy was  to be   glvu'i  ^iltj  *<.:!;.hi.  which wouiu arnitrarlly as- 
olgr. a  r.ero weight  to  the  otrer part  of  the  dichotomy. 

In order to carry out  the  dlchotcnl/.atlor. and weighting cf items,   the 
first  procedure  was a random selection  of a  subsample  of ?';0 papers frcm 
Cample  A.     An  item count war,  then  obtained  of all   possible answers.    Cn  the 
basis  of  the  item count and  logical  consideration  of  Judges as  to the  rart 
the  item might  later play  in a  priori  keys,  all  the   itons were  split  dicho*- 
omously,     approximating the  r;0-'/J split as  far as  possible.     In a few canes 
where  the  items  were   "double-barrelled"  or   "bifurcated,"  thus  presenting 
two possible  splits with distinct.y  separate   interpretations,  two items 
were  developed  out   of  one. 

It  soon  became apparent  that many items  had  to be eliminated from 
further consideration  because   the   Items were  concerned with Air Force ex- 
perience.    These  items would obviously not yield any appreciable valid var- 
iance,   since,  as pointed out  before,  almost all  the examinees were  in their 
second week as airmen.     t •'.:!:   of an  original  227 possible  items available  for 
keying,   there now remained  16*3.    These  preliminary  procedures were  common 
for both the empirical  and homogeneous approach.     From this  point  both meth- 
ods  proceed in divergent  directions. 



.d.S'IATEf-ENT GK 71 IE   PROBLEM 

"::'.:   .study was   to be   carried  out  in accordance wit;;   the   following ob- 

!.     Derivation of homogeneous and relatively   independent  key:-, 
for  Biographical   Inventory CE608C  on Sample A.     This was   to be  done  by   the 
method  of maximizing tent saturation. 

2,     Int.ercorrelation of hcmO(-*oneoun  keys  on Sample B. 

y. Validation of each homogeneous key en each criterion ci" Sam- 
ple B to include: final CCG grade, military CCS grade, academic XS grade, 
and  pass/fail   in OCS. 

•i.     Computation of beta coefficient:"   ror each homo^t-r^ous   key 
for each crl.erion and computation of the  ccefficienta  of multiple  corre- 
lation with each criterion. 

').    Scoring of Samp'.e  C or.  the hcmoger.eou3  keys and weighting of 
each homogeneous   key score  by beta weights established  in ear,:-, multiple   re- 
gress ior.  formula,  as  determined  fre i Sample  3. 

6. Summation of weighted homogeneous key scores to yield a pre- 
dicted  criterion sccre. 

7. Correlations   of predicted criterion 3core3 with actual   cri- 
• vil-..!i  D''V (_-£J   fur Sample  C. 

8. Derivation of the empirical  key3  for each criterion of Sam- 
ple  3 by  the  Gleser-DuBoi3 method  for maximizing test validity. 

9. Scoring of Sample C  on eaj;: empirical key,  and correlations 
of empirical key scores against criterion scores. 

10. Comparison of  the validities and cross-validities  of both 
sets  of keys,  and evaluation of the relative  difficulties and character- 
istics  of each method. 

11. Psychological comparison of both sets  of keys. 

iiCMGCENEO'JS KEYING" 

The  first step of hcmogeneou3  keying wa3  an a priori  categorization 
of the  183  items available  for keying by three  Judgc.i.    This resulted  in 

A detailed  theoretical and methodological presentation of the moth 
od for maximizing test saturation may be  found  in DuBoio,   Lcxvinger,  find 
Closer   (6). 



the  formation  of  13  categories which  showed premise  of  common factor  con- 
tent.     Of  these  13  categories,   four were  combined since  it was felt  that 
each  of  the four might  possess a fairly high relationship with its respec- 
tive  paired member. 

Having carried  out  the  procedure  for maximizing test  saturation,   13 
first-cycle  categories were  derived from the  a  priori categories.    The 
first-cycle  categories included a  total  of  129 items  of which three  items 
i:ere   included in  two categories.     From the  residual number  of  57 unplaced 
items,   one  additional  category of  11  items was  developed.    Each category 
was  named following Inspection  of  the   item content.     The  category data, 
including  the name,  ir.ean,   variance,   and saturation are  given in Table  1; 
and the  category intercorrelations are  given  in Table  2.    Each homogeneous 
category is identified by a letter which Indicates  the a priori  cluster. 
V/here more  than  one  category was  derived from the a  priori  cluster,  a sub- 
script accompanies  the  letter,   indicating the  order  of category evolvement, 

As may be noted in Table  2,   one  of  the  categories,   Aggressiveness, 
seemed to resemble  a general factor,   since  it correlated high  (above   ,3'f) 
with  cne-half  of  the  other categories.     Since  it was  intended to develop 
independent categories with as many Items as  possible,   it was decided to 
put  the eight  items comprising this  category back into the  general pool  of 
unused items  and  to reconsider  them following the  development  of  independ- 
ent    categories.    Two of the eight  items were  included in the  independent 
categories in a  later cycle. 

Category intercorrelations  in Table  2 were  now examined to determine 
the feasibility of combining two or more  hirrhl-ir correlated categories  into 
a  single matrix.    When  the general factor category was removed from con- 
sideration,   seven correlations remained which ranged from  .35 to  .4-9.     It 
was  decided to delay any combinations  of  categories until an inspection  of 
the  intercorrelations  of  the  completed first-cycle  categories,  at which 
+• -< mo      oil       -t<-omc*     i rrw 11 H     V-tOTro      Vi<e»«»->     r* /Yr» -r*£± 1 <-i +-/-* .1     iH f Vi     »~»"1T       n«fn «-»*•»<•-» 4 « .- O 4 « *-l  

number  of  correlations exceeding  .35 dropped from seven to two as a result 
of the removal  oi eight items from first-cycle  categories,   it was  decided 
to continue  the  cycling without  combining any first-cycle  categories. 

In  order to achieve greater Independence  of  categories without much 
loss  of  saturation,  categories were revised in a  second and a third cycle. 
Tables  3 and 4 and Tables  5 and  6 present the  category data and category 
intercorrelations with Cycles 2 and  3,  respectively.    Table  6 also includes 
the  data for the  revised general factor category following the  inclusion 
of  seven items which added to the  saturation.    Table  7 presents a  compari- 
son  of -the independence—of—eategoriesas—a—result—of— the- cycling-process-.— 
It may be noted that  in order to achieve  a decrease  of average  correlation 
between categories  of   .05,   15 Fer cent  of  the  total  poss. ble number  of 
items had to be  dropped from Cycle  1 to Cycle  3. 
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(Sample:      1000  basic  airmen) 

Category 

A Mechanical Aptitude 

D, Athletic Experience 

B? Childhood Gar.er. 

C  i')ayboya 

D    3oclo-Eccncralc 

E     Schir.olda 

F^  Parental Criticism 

F.   Extroversion 
c 

F^ Agresslv-.-ness 

G     Itinerant3 

H    'Scholarship 

I    Societal  Acceptance 

.7    Childhood Responsibility* 

No. of 
Items Mean 

Vari- 
ance 

Satur- 
atic.r.c 

9 6.12 3.16 .^8 

13 6.25 9.49 .70 

3 6.21 3.30 .60 

1? 4.22 3.98 .49 

17 9.04 14.08 .74 

6 1.96 1.94 .36 

11 6.51 8.02 ,es 

1} 5.33 6.13 .67 

8 4.74 3.34 .50 

6 2.63 2.54 .50 

13 4.32 6.94 .62 

-. J 

7.50 6.71 .59 

11 5.13 5.82 .57 

a These  category names were  changed from a  priori  nar.es following ex- 
aminatlcn of  Item content. 

b This category was developed out  of  the residual  Items   (n  = 57)   un- 
placed in Cycle  1. 

n-1 c J1"!        o. n n-1        n 
Saturation  = ?,.- v ,    cl 1 -    ^,     Vi   + 2 ^ >,       C. «    u* 

i3!    J=l+1      1J  •   1=1      *        1=1     1 = 1-n    1J    w- •ere 

CJI = covarlance between any two Items and V^ = variance of any Item 1. 
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Tctle   3 

'cccr.d-Cyclc Ecnc£cr.ccuB Category Tata 

(N  =   1C00) 

Category 

No.   of 
items 

7 

Mean 

U.89 

Vari- 
ance 

2.07 

Satur- 
ation 

A Mechanical Aptitude 
.uu 

B: 
Athletic Experience 10 U.77 6.50 .67 

Bp Childhood Games 7 5.^2 2.59 .57 

C Playboy 11 3.53 3.67 .»o 

D r>ccio-Eccncmic lU 7.55 1C.60 .71 

E Schizoid 6 1.96 I.9** .36 

Fl 
Parental Criticism 11 6.51 8.02 .68 

F2 Extroversion "J.3? 8.13 .67 

G Itinerant 6 2.63 2.51* .50 

11 *-*  .. \ .In^nU^n 11 3.81 5.66 .60 

I Societal Acceptance lU 7.87 7>8 .60 

r-\-t i Jk„n^   n«»ar\onnlt)ilit v              7 3.32 2.99 M 

11 
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Table 5 

rir.el Hcmoger.eous  Cateecry £aca—Third Cycle 

(N =   1000) 

Category 

A    Mechanical Aptitude 

B,  Athletic Experience 

B2 Childhcod Games 

C    Playboy 

D    Soclo-Econcmlc 

E    Schizoid 

F,   Parental Criticism 

F~ Extroversion 

G Itinerant 

H Scholarship 

I Societal Acceptance 

J Childhood Responsibility 

FT Aggressiveness 

Nc. cf Vari- Satur 
Items Mean ance ation 

7 U.89 2.07 M 

10 U.77 6.50 .67 

7 5.52 2.59 .57 

13 3.96 ^.53 .52 

13 7.23 9.52 .71 

6 1.96 1.9* .X 

11 6.51 8.02 .68 

n U.6U 6.Uo .65 

6 2.63 2.51* .50 

8 2.75 3.55 .5U 

13 7.51 6.66 .58 

6 2.60 2.UU M 

15 8.59 8.96 .61* 

13 
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T-.bl.   7 

l.-itlcr...  01*  Lnd^pundt nt lirmcg<.r.cGuu 
Catojjcrlo;! By Cycleo 

r« 

,(>0 -   ,6U 

• 55 - .y-) 

2Z£iilJ Cycle   IA 

i 

Cynic '•-I,-!,.    O Cycle   3 

• * - 

.'*5 - » 

.Uo - .uu 

.55 - .39 

.50 - .3!- 

.?5 - 2o 

.20  - .y;- 

.15 - .19 

.10 - .u 

.05 - .C? 

.01- 

?. 

I, 

10 

5 

.") 

15 

:> 

10 

Total  correlations     78 

Total   items  used       l!*0 

Number of Items aaded 
and/or dropped 

Per  cent of pco- 
alble  Items  used    73 

Average correla- 
tion .2ul 

Dropped 

5 1 
'• 

9 6 i 

3 2 •;> 

5 8 7 

15 17 i> 

6 10 3.1. 

11 12 12 

10 9 

66 

8 

66 66 

132 117 Hi 

Added 2 Added ? 
8 Dropped 17 Dropped 8 

68 61 58 

183 .153 .1.U6 

5igns of Intercorrelations are emitted. 

°  Category "AggresslveneGs" which appeared as a general factor In Cycle 
i vas dropped for Cycle 1A. 
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EMPIRICAL KEYING^ 

The   tentative  empirical keys were  to be   formed by  including thcae   items 
whose  correlation with a criterion was   significnnt at  the   .01 level of con- 
fidence.    Examination  of   the  correlations  revealed  that  16,   l8,   and 20  items 
qualified  for   inclusion  into  the   final  grade,  military  grade,   and academic 
grade  keys,   respectively.     However,   it van  also noted that only  seven items 
qualified at  the   .01   level   of significance   for   inclusion   into  the   pass/fail 
key.     It was  decided  to lover   the requirement for   including an  item in the 
pass/fail key  to the   .05  level of significance.     This  decision resulted  in 
the addition of five more   items   or a  total   of  12   items   in  the  pass/fail .key. 

Cample B answer  sheets were  scored on   the   tentative  empirical  keys, 
and these  scores were  correlated against   their respective  criterion.     These 
correlations  and  other  summary data  of the  tentative  empirical keys,   includ- 
ing the   Items, in the   key3,  means,   and standard  deviations are  presented in 
Table  8.    " 

First-cycle  empirical  keys  were now  developed by the  Gleser and DuBois 
method of maximizing test validity.     The  answer sheets were  scored on the 
first-cycle   keys,   and  these  scores were  correlated with their respective 
criterion.     The   key-criterion correlations  and summary data for  first-cycle 
keys   are   presented   in Table  9. 

Since   the magnitude.of each first-cycle   key-criterion correlation in- 
creased by at least four  correlation points,   a second  cycle was  carried out. 
It was  noted at the  completion of the  second cycle  that the   key-criterion 
correlations   increased only elightly above  these  of the preceding cycle, 
and,   therefore,   no additional category refinement seemed necessary.     The 
key-criterion correlations  and summary data  for second-cycle  categories are 
presented  in Tab..e   10.     The  comparative  changes  from the  tentative  empiri- 
cal keys   to the  final keys are  presented in Table   11.     It was now possible 
to score  a new sample  on both the  empirical and homogeneous  keys and ccm- 
rare   their respective validities. 

VALIDATION  OF KSYS 

Validation of the Hcmopeneous  Keys 

It has been pointed out that the homogeneous  keys were developed inde- 
pendently of any external criteria.     Prior to a cross-validation,   therefore, 
it was  necessary to obtain the  intercorrelation of the  keys and the valid- 

^hl_eEPahd~ "beta we ights   for-those ~^rItTerTa~wn~i"ch we realise dT^to-develop the~ 
empirical keys.     For  control purposes,   the same validating sample with which 
the  empirical keys were  developed was  utilized to obtain these  data..   This 

2 For a  detailed theoretical and methodological presentation of the 
method of maximizing test validity,   cf.   Gleser and DuBois   (8). 

16 



Table 8 

^orrelatlono and Summary Data of Tentative 
Empirical  Keys and Criteria 

Items 
Criteria  cr  key N In key Mean SD 

r lnal  grade 336 U.99 1.97 

Final  grade  key 336 16 8.62 2.0U 
.39 

Military grade 336 

Military grade  key 336 18 

5.08 

11.18 

1.89 

2.56 
.50 

Academic  grade' 336 

Academic grade  key 336 20 

5.03 

11.57 

1.9o 

2.63 
.50 

Pasn/fall 

Pass/fal3   k?y 

UlU 

UlU 12 

.81 

6.77 

.39 

1.76 
Mx 

Standardized  In stanine  unite. 

b Biscrial correlation coefficient,  where  p =   .81 and q =   ,1>. 

17 



nh 1     9 

laticr..;  »:nd ouin/jry  ZnUx  cf i'tr.p: rlcnJ 
Kcyn  r.r.d Critcr i<:--l-lrut Cjclc 

I teas 
Oiterla  or   key 

336 

In  key Mean 

^.99 

3D 

Final  grade 1.97 

Final   .'Tfidc   key ^36 ?9 17.77 3.03 
,U3 

Military pxade 56 

Military  grade   key *>Sh 

';.C8 

P1.13 

1. 89 

3.V» 

A<-«<w—ir  j^radf 556 

Academic  grade   key 336 V- 

'.).05 1.96 

2c.16 3.58 
.56 

Fasa/fail 

Pa3s/fall  key 

1.1U 

UlU 17 

.81 .39 

11.78 ?,17 
• 50L 

Standardized   in stanine  units. 

Blserial correlation coefficient,  where  p :   .81 and q  z   .19. 

l'; 



laV.e   10 

Corrrlutiona and Juaanary  teta of ^'lnai 
Empirical  Keya and Criteria 

L tena 
Criteria   or  key :i In  key Mean 3L 

...     ,          ,  a 336 **. 99 1.97 

Fine. L grade   key 536 yj 21.10 3. 51 

military grade0 556 5.08 i.89 

Military  grade   key 336 1*0 27.86 3.67 

Acaden.'c  grade 336 5.03 1.96 

Academic erade  key        336 39 25. U7 3.51* 

Pass/fall UlU 

Paas/fall key l*lU 19 

.1*5 

• r> 

• X< 

.81 •39 
s,b 

.*9 2.50 

Standardized  In otanlne  unite. 

Blserlal correlation coefficients,  where  p r   .81 and q  r   .19. 
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Tabl,    11 

C< rr.par inon Between Tenative 
And  Final Empirical Keyn 

Per  cent of Increane 
No.   of           pcnnlble In r with 

 Key            Cyc le           ltenn           items  ua> d criterion 

Cycle   1 16 09 
Final  grade .0^* 

Final 59 -0 

Cycle   1 18 09 
Military grade .Ok 

Final Uo Pi 

Academic  grade .08 
Final 59 2 0 

Cycle   1 1? 36 
Feaa/fai] .06 

Final .19 10 

JO 



sample/ known a?. Sample 3,   Included;33-*  graduates  and 7? climinees   of OCS 
Classes   50-A,   50-B,   and \:0-C. 

Table  12  presenta  th •   intercorrelatlona   of the  hemogenebus  keys baaed 
upon the  independent Sample li.     The magnitudes  of the  intercorrelationa 
were  strikingly  similar  ti these  obtained  on Sample A,  and the average  cor- 
relation of the matrix,  minus   the  general factor category,   increased only 
eight points   in   the   third decimal.     Also noteworthy was   the  face   chat the 
general factor now cut across   the  categories  less  than  it did  in Sample A. 
This  fact can probably b«-  iiltributed to the addition of seven items  to the 
general fa.ctor,   since   the   category was not recorrelated with the  other  cat- 
egories   following  its   final revision  in the  third cycle.     A last point to 
be noted in Table  12 was   the  shrinkage  of seme  saturation coefficients. 
(Compare  these  saturations with  these  in Table  7.)    Shrinkage of the  satura- 
tion coefficient occurs   for  the  same reason as   for a correlation coefficient: 
the error  factor  in the  first sample   is weighted in favor  of the  original 
keying,   and since error  variance  dees not reproduce   itself in subsequent 
administrations,  additional error appears,  and the saturation or correlation 
coefficient diminishes.     It should be noted that a shrunken satura.ticn coef- 
ficient represents  a truer estimate  of homogeneity. 

Having obtained a  truer estimate   of the  Intercorrelations   of the  homo- 
geneous  keys ana  their separate  validities  en four criteria,  four sets  of 
beta weights  and four multiple   correlations  were  computed.     Ihc  detailed 
data for- these-multiple ccorrelations,   including the homogeneous  keys  com- 
prising the  predictor  composite,  beta, weights,  validities,   and multiple R's, 
are  given in Tables  13  tnrough.16. 

Cross-Validation of the Hcmo.ceneous  and Empirical Keys 

 Sample  C,  yhich was  composed of 3C6 graduates and 31 failures  of CCS  - 
Classes   51-A and 51-2 >  was. scored on each of the  four-emnir'Icalrkeys'and~ 
on the  13  homogeneous  keys.     Three Pearson product-moment correlations were 
obtained for  the  empirical keys _against their respective  CCS  grades,  and  
one biserial correlation coefficient was  computed for pass/fail on its em-, 
pirical key.     These  correlations represented the  cross-validities  of the 
empirical keys.     In order  to obtain  the  multiple validities  of the  homo- 
geneous  keys,   the raw scores  of the  keys  comprising the predictor composite 
were weighted by their particular regression weight.    These weighted scores 
were  summed along with the  constant term to give a composite predicted cri- 
terion score  for each subject.    Each predicted criterion score  then was  cor- 
related against the  subject's  obtained criterion score  to give   the multiple- 
validity correlation.     A comparison  of the  data comprising the  cross- 
validation is  given in Table  17. 

One  of the most significant comparisons  of the  two keys  to be made  in 
this  study was between validities  of the empirical keys  and the multiple 
validities  of the  homogeneous   keys.     Table  17 gives  the  critical ratios  for 
the  differences.     Inspection of Table  17 reveals  that in cross-validation 
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i'.J :•     15 

:uti:::-.M.:   ~;iT;;  ?'cr   Pr-^.lcticr.  of 
of Officer -.".r.'-iidit-   Jrhcci 

(f>orsplG:     •'• L;*  officer  Candidater<  of Classes  yj-X,   ">J-B,  and  'jQ-C) 

Validity B«_ta «vipht3 

'•ic r.c\;er.>'Our.   krv 

L. A'hlvt.ir  Experience 

-. ;>..• r.ta]  Critic ion 

*. Childhood  ^eopensibillty 

»*. Itinerant 

). Playboy 

6, Scholarship 

6. Aggre3a ivencaa 

1 •• .27 

10 . IP 

-••• 
.11 

07 .06 

0Y . iy 

. <o 

.d 

Multiple     H 

C* 

1:; 

>« 

7_ 6_ _2_ J. 5 L 1_ 

16 .15 .16 .1'*  .1-  .15 .1!* 

1*» . 1? .J:- .11 .11 .11 

_— . *.'<•> . »   ^ . ^*L/    • v^ j 

OH .01* .01* .05 

13 .11 .11 

.2';  .23     .22     .20   .19   .18  .1U 

?3 



y.uitlpi.-   "orrvluUc: t\L I .--An For  Pr-dirtdcn of 
Military   irad.-   ir. Offlc. r   .'ur.didatc  Gchcol 

By iicnwr.' oua  Keys 

(Sample:     tlU  officer cendldatea  of Classes  50-A,   50-B,  and 50-C) 

^CQOfflnrouii   k-:y 

1. Scholarship 

• Parental Criticise 

Playboy 

••. Childhood Games 

5. Itinerant 

- MppVun^o 1      int ( f.t^n 

8. 

Athletic Experience 

Extroversion 

Validity Beta weights 

r_ _H_ _7_ _6_ _5_ _^_ _3_ _2_ 

25 .26 .26 .2^ .25 .25 .25 .2? 

.15 .13 .1!* .1- .It .!'» .1C i < 

1.5   .15 .15 .16 .17 .17 .19 

11   .11 .11 .11 .09 .10 

07   .07 .06 .06 .05 

Multlple K 

•.05 -.05 

.05 

.35 .35" 

.<:*> 

,55 .51* .55 .32 .27 .25 

.>:. 
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there '.'as a tendency for the homogeneous keys  to predict two of the cri- 
teria better than the empirical keys,and the empirical keys to predict the 
other two criteria better than the homogeneous keys.  Since none of these 
differences was significant, it in concluded that, insofar a3 these data 
are concerned, neither the empirical nor the homogeneous method of keying 
proved superior. 

A second important comparison to be made between the two keys was the 
comparison of the shrinkages. Table 18 presents the relevant data.  It 
may be noted that for all four criteria the shrinkages of the empirjoal 
keys were significantly greater than zero beyond the .0]. level of confi- 
dence.  The shrinkage resulting from the cross-validation of the homogene- 
ous keys on only one criterion, academic grade, was significant beyond the 
.05 confidence limit. The hcmogeneou3 keys showed significantly less 
shrinkage than the empirical keys beyond the .01 confidence level on mili- 
tary grade and pass/fail, and beyond the .05 confidence level on academic 
grade. 2 

PSYCHOLOGICAL COMPARISON OF THE KEYS 

The last comparison to be made between the empirical and the homogene- 
ous keys was the degree to which the scores on each led to a better under- 
s.tanding of the criteria, that is, the degree to which each was psycholog- 
ically meaningful.  In a pamphlet prepared to 3et forth the objectives of 
the CCS curriculum, certain traits were hypothesized which seemed to dis- 
criminate the superior officer from the poor officer (25). ''With these de- 
sirable traits as the criterion, three judges, independently and later" 
lointl^- examined the kevs a ^^steriori frc• the Gtand^-o^—t ~f b~*^"—**•* •"•"•^^ 
terion definition. 

After an examination of the items of the empirical keys, there was v- 
naniirous agreement that about two-thirds of the items bore no logical rela- 
tionship with the criterion and that most of the remaining items bore only 
indirect relationship at best. Examples of these items which were found 
in two or more of the empirical keys with a positive validity are, "played 
card games in childhood," "carried on woodworking and cabinet-making as a 
hobby," and the items with significant negative validity were, "having 
ridden a horse in childhood" and "having driven a motor beat." 

Frcm another point of view, at least two desirable traits of the su- 
perior officers, which the Judges agreed were measured by various items in 
CE608C, were superior scholarship and cooperation with fellow workers or 
group participation. Examination of the valid items hypothetically related 

^ Since the standard error of shrinkage on pass/fail is based upon the 
transmutation of biserial r to Fisher z,   it is probably an underestimate. 
Caution should be exercised in the interpretation of the overestimated crit- 
ical ratio. 



Table   17 

'"rcon-'.'aliCQtirr. of r.cplrlc.i and Earegtr.eoun  Keys 

(Sample:     officer  canJldateo  of Classes  51-A and  51-B) 

Criterion 

Final grade 

Key y.ean 

Empirical JC)6     l8.3?       3.02 

Homogeneous       302       5. L9 .^ 

C.R.   of 
CrooB- differences 

validity       of croes- 
r validities 

.22 

.15 
.90 

Military grade 
Empirical 3C6    27.77      3.2U .17 

Hanogeneoun       302       5.15 .68 .26 
1     Af- 

Academic  grade 
Empirical 306    23.19      3.23 ,30 

Homogeneous       302       'j.lU .72 .16 
1.83 

Paos/fail 
Empirical 337      8.58      1.71* .17 

Homogeneous       332 .85 .1* .22 
.& 

Blserlai correlation coefficient,  vr.ere p =   .91 and q  ;   ,C9. 

or, 



IMS 

c*. o C1 
CJ *: A: 

•» t: K"\ • V- *-< OJ 
-I -: v. a • c. Xi -< 
f >. *. . t*J 

1^ 
- "v 

xi o 
.-H 

0) 
o o 

O   c\ .s! 
• n 
- u 

o o 
ON O v) o r— _r 

* -a 
CJ -A 
L'\ MA 

o 
o r- 

c:   o 

—   c3 SI 
c; 00 

o 

c 
o 

1   --I 
m ~> 
cj   e! 1 C. 
O  T5 »- CO CJ 

o VJJ 
O 
r- CVJ 

" .- 

:-. t! 
s- u: 

u s.: 
i-1 . •• 

?l 

r. 
o 

—H 

o 
•a 

> 

CO 
C\J 

-3 J-\ CO 
KA 

O 

CM 

r-K o rf o 
O c 

•H a 
u tii 
•H o 

ff ti 
w a 

t: o 
u 
3 
u 

o 
-o 
a! 

aJ 
r: 

c*« 

l-i o 
01 CJ 
o c 
•H a ** 00 
«-l o ^« a 
H o 

W SI 

OJ 
-o 
al 

te 
>> 
v. 
5 

rH o 
d a; 
o c 
*H CJ 
L. M »( o 

fl 8 
n 

03 
o 

w 

§ 
o 
s 
o 
S 

CJ 

03 

0 
4) 

05 
o 

CD 
to 
o< 

(1H 

rr.| 
c 

f! 
o 
a 

c 
,vs 

n 

o 
a 
t: 
o 
re 
o 
fc! 
o 

o 

o 

> 

o 
c 
o 

03 
r-t 
iJ 
^. 
V. 
O 

c.-> 

r. 
o 

u 
a 

c 

U 

03 

u, 
o 
(-, 
ti« 
c, 
ed 

r, 
a 

•8 
CJ 

o 
•Jt 

n 
o 
to 

1-. 

c J 

c; 

il O 

o 
o 

o 

CJ 

c 

4-> 

o 
c 

I. 
u 
C) 

CJ 

r-f 
a' 

o 

W 

C; 

o 

t3 
C o 

U 
o 

•«-l 

V-i 
c 
o 

CJ 

c 

o 

c: 

c 

&   & 

•rf 

?9 



'n scholarship S:;:VIM:   that,   an  expected,   t;:e   subjects   having sujerlor  hit'}: 
.school   grades     /celled  in c;u>.     Other   Items  an,-  keyed as  valid,   however, 
which en  the cue-face appear  inconsistent with superior noholarohlp,  e.g., 
the more  successful  officer  Candida t<-n   had  only a  high school education  or 
..ran.     Vhntever v< r<    the  conditions which caused   the   looser educated oub- 
.'ects   to exec!  In CCT>,   it  is   logical   to assume  that free year  to year nuch 
~or.ditlons would net bo repetitive.     Two  items which were related  to schol- 
arship bit were  keyed   In a  direction contrary  to expectations,   Include:     (l) 
adverse  feelings   toward education,  and   (<")  an ftth grade education or less 
:'or   fathers   oi' officer  Candida ten. 

The second  hypothesis,   jcoperatlve working with others,  which also 
:>eemed  to bo measured by CE60CC,  was  concerned with several  lu ms  keyed as 
valid which would appear   to discriminate   the more  cooperative  free  the  less 
cooperative,     iicvovcr,   other   items  wore   keyed ao   valid which appeared oppo- 
sitely  related   to social cooperation and  participation,   oucli as   preference 
:'or working alone and no experience as an  Instructor  or group leader or de- 
sire   to be   one.     At  the  same   tine  such  it^ms as   the  droire   to advise   or 
help others and active   participation  in various  club activities remained 
unkeyed.     ii.e attempt to  Isolate   the  above  two "desirable"  traits by exam- 
ination  of  the valid  items wua  fruitless. 

An equally critical appraisal  should bo  made   of  ti.e   psychological mean- 
Ingfulness  of  the  homogeneous  keys with  the  objective  of a better  understand- 
ing 
scri] 
the   hlgh-ncorIng  Individual. 

fulness   of  the  homogeneous   keys  with   the  objective  of a better  understand- 
of  the  criteria.     Cn  the  basis   of an   inspection of  the   item content,   de- 

Lptlons   of  the   13  categories  are  given below.     The  descriptions   "typify" 

1. "eci.anlcal Aptitude:     A  :-.roon scoring high  in  this  category 
has  carried  on w-jodworklng an a hobby,   has a shop,  in  the  home,   has excelled 
in 3hop wor.<  in school,  and he  has made  various  kinds  of mechanical repairs 
in his youth, as well ao  in adulthood. 

2. Athletic Experience:     This   individual i:as engaged  in various 
team sports,   often as a captain or  coach..     He  has   frequently engaged  in 
various   type3  of individual sports,  and ho  has  excelled  in physical train- 
ing  in school. 

3. ChiIdhocd Games:     This  subject,  as a  child,  has  participated 
In such games ao  playing checkers,  deminceo,  and card games,  digging caves,' 
and building r.luh  'nouses. 

'••-.     Playboy:     This  person has  participated  in various   forms  of 
gambling in high ochool.    lie  prefers  playing poker  over playing Softball, 
winning a large sum of money  over  finding a similar unclaimed sum,  working 
from 9:30 to ';>:30 over 7:30 to 3:30,  a clever  friend over an honest one, 
and staying at home   to read over going on a hike,     iic will not be! Leve  in 
or  is  'unable  to stick to a budget,  and he will frequently go nightclubbing 
during recreational houro. 



5. Socio-Econcmic:     In the  home  of the  high-scoring subject of 
this  category  there  would tc  such tilings as  a waffle   iron,  vacuum cleaner, 
extension telephone,   television set,   automatic water heater,   and a large 
number  of books.     The  father and mother  of this  subject have at least en- 
tered high school,   and  the  subject has  no more  than two siblings. 

6. Schizoid:     This   individual doesn't like   to talk over personal 
problems.     He  dcesn' t expect his   friends   to help him out of a Jam.     He feels 
that what other   people  do  is   their business,   and he  prefers  to be  left alone, 
He  has   few friends,   if any. 

7. Parental Criticism:     This  high-scoring subject has often been 
criticized by his  parents  over such  issues  as  relations with the   opposite 
sex,   gambling,   smoking,   drinking,   choice   of career,   and not attending 
church. 

8. Extroversion:     This  person has  been a leader  in school or a 
club,  a class   officer,   debater,  active member  in dramatics,   an instructor, 
and/or a camp  leader. 

9.     Itinerant:     This  individual has  hitch-hiked farther  than 10 uu 
miles   on a trip before  completing high school.     He  prefers work with oppor- 
tunity for  travel and adventure   over  good pay and promotion,  working in 
different places   over working in the  same building,   changing jobs   often 
over working at the  same  job,  being sent overseas  over staying in the 
United States. 

10. Scholarship:     This  rerson has excelled in all courses  in hich 
school;  he has never  failed a course.    He  lias  often visited a library or 
museum in his recreational hours  or on vacations. 

11. Societal Acceptance:     This  subject believes  that  laws,   judges, 
and juries are not prejudicial,   that there  is much fun and fev worries  in 
life,  and that education does not lead to discontent.    He further is againc i. 
crossing picket lines and is  in favor  of labor's  striking.    He would also 
not prefer more  color  in  the Air Force  uniforms. 

12. Childhood Responsibility:     Prior  to high school this subject 
rode an interurban bu3  or train alone,    He has  had the responsibility for 
the  care  of a pet.    He  has  used a charge account and has  owned a car when 
in high school,   and has made a business  deal in excess   of $500. 

13.    Aggressiveness:     This  is  the  general factor.     This  high- 
scoring individual has  had fist fights   In his youth.    He also gambled and 
made  long-distance  calls before he was  18 years  old.    He wa3 very athletic, 
having captained or  coached a team.,    He has been fairly proficient in such 
sports as  diving,  boxing,  wrestling,  and football.    He admits beating some- 
one  In a trade,  and having taken advantage  of someone  slyly.    He  has been 
the  leader of public meetings and bull sessions,  and engages  or has engaged 
In many dates per week. 

31 



It may be noted from the above descriptions that, in contrast to the 
empirical keys, all the categories deal with a central theme of greater or 
leaser complexity.  The comparison of the two nets of keys as they relate 
to criterion definition is discussed in the next section. 

INTERPRETATION OF RESULTS 

Evaluation of the Cress-Validation 

With reference to the hypotheses previously stated, the following con- 
elusions are indicated by the data of this 3tudy, and each is discussed 
briefly in turn: 

1. The empirical keys contained higher correlations with the 
criteria than the homogeneous keys en the development sample. As It was 
previously stated, Biographical Inventory CE608C was originally devised 
by the selection of valid items, and item inclusion In the empirical keys 
was based upon the unique contribution to that validity. In addition, It 
was found that -0 to h6  per cent of the items constituting the empirical 
keys were either too heterogeneous or not In sufficient number to be in- 
cluded in the homogeneous keys.  This represented a considerable source of 
validity untapped by the homogeneous keys. 

2. The shrinkages of the empirical keys were significantly 
greater than the homogeneous keys. Since the empirical keys had higher 
correlations with all criteria, .greater shrinkage might be related to a 
larger original correlation rather than or in addition to the differences 
in homogeneity, A research design to discover these relationships would 
require the comparison of shrinkages of a large number of both homogeneous 
and heterogeneous keys.  This laborious job is beyond the scope of this 

3. Neither method of keying yielded superior validities. While 
the difference between the validities was not significant, the empirical 
keys yielded higher validities for the prediction of academic grades and 
final grades, and the homogeneous keys yielded higher validities for the 
prediction of military grades and pass/fail.  Thi3 seems worthy of further 
-investigation, since it is possible that empirical keys may relate to the 
prediction areas already accounted for by aptitude and achievement tests, 
while homogeneous keys may relate to the relatively unexplained social area. 

H.  The homogeneous kc.ya were psychologically meaningful while ... 
the empirical keys were not. Among the objectives of keying a heterogene- 
ous test should be included not only the prediction of the criterion but 
also the increased understanding characteristic of most criteria. In- 
creased knowledge of the criterion will help to give a clearer perspective 
for the development and execution of a training program and a clearer pic- 
ture of the.actual versus the probable measures of success.  The extent to 

I 
I 

J 



which the two methods of keying have added to knowledge of the criterion 
should he examined critically. 

It was noted how inadequate the empirical keys were in criterion def- 
inition.  Only about one-third of the items in the empirical key3 could be 
indirectly related to desirable traits of superior officers, as set forth 
by command judgment. Since the items comprising the empirical keys were 
each equally weighted unity, it was impossible to know which factors to 
invoke to explain the criterion variance accounted for by the key. 

In contrast to the empirical keys, each of the homogeneous keys were 
relatively easy to define.  The part that each key played in explaining 
4-T~~       ~.-~. -I  4 ~--J        3 3i J J      T       14 1 4  !_U-l-      1         „ 1  -*-J — "I,        ~_~    — w'-»-t  

equation.     Coincident with criterion definition,   the test constructor is 
given many clues as   to how the multiple  correlation may be  increased by 
the audition of any missing homogeneous  tests  and by increasing the breadth 
of the more relevant scales. 

It should be pointed out,  however,   that the validities,   to which the 
discussion  of criterion definition has leer, relevant,   ranged from .15 to 
.30.     The  insights  into the  criteria which are provided by the  keys  cannot 
be related,   therefore,   to more  than 2  to 9 Vev cent of the  criterion var- 
iance.     It must be  concluded that the  greater  utility which is  posited for 
the homogeneous  keys  is based on intuitive and not empirical grounds. 

Empirical Versus Homogeneous Ke^r3s^ in a ^o-^'Sii ^^ P^searc^1 

The  last comparison to be made between the homogeneous and empirical 
keys   is  the manner  in which both keys  fit into an extended program of re- 
search.    Since a good deal of time and effort is  usually expended in order 
to evolve fairly stable  keys,   the  job  of keying is  usually carried on with 
the purpose of long-range  use.     It should be noted,  particularly with bio- 
graphical or attitudinal-type  information,   that periodic re-validation of 
the  items  is essential.     Items  relating to.socio-economic areas,  education- 
al areas,  and broad attitudinal questions  concerning personal adjustment  - 
are  just a few types  of items  containing transient validities,  both frcm 
time  to time and from group to group.    Anastasi   (2)  states  that the  dis- 
tinction between the  test and the  criterion i3 merely one  of practical 
convenience,  and she  urges that every test score be  operationally defined 
in terms  of empirically demnnsti-ated behavior.     The   literature   is replete 
with the many ways by"which criteria may.be biased—fcfc  Brogden and-Taylor 
3).    Validation of  the  items must,   therefore,   keep pace with the vagaries 
of criterion change,  and It is   in this regard that the  question should be 
asked,   "how difficult would it be  to keep each set of keys  up to date?" 

Unless  only slight changes  occur either in the revision of the  criteria 
or in the  inclusion of additional items,  empirical keying would have  to 
itart entirely anew.    A priori analysis  is  usually too gross  to estimate 
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accurately how  "slight" the  changes  are  in  the  criterion from, year  to year, 
and which items are most aflooted by such changes.     In addition,   it is  ap- 
parent that with  the appearance-  of each new criterion,,  a new keying pro- 
ccdure would be required.     On   the  other  hand,   insofar as  the  homogeneous 
keys  are  concerned,   the  entire   keying procedure would have  to be  repeated 
only with very gross   changes  in the   test  itself.     Where  there were either 
revisions   of the  criteria  or additions  of new criteria,   the  same  homogene- 
ous   keys  could be   used to  obtain new series   of significant beta weights. 
This  procedure  involves nothing more  than re-validating each key on each 
new criterion and computation of the multiple-regression coefficient.     Where 
additional homogeneous  tests are   to be  devised to measure  inadequately 
covered areas  of the  criterion,   the  old homogeneous  categories  can be re- 
ttiined,  and  the  statistical labor  of category evoivement and refinement 
need only be  concerned with the new categories.     It may be seen clearly 
that homogeneous  keying,   in contrast zn empirical keying,   is amenable  to 
an expanding and  continuous research program. 

SUMMARY AND CONCLUSIONS 

This  study utilized  two different approaches  in the  selection and 
weighting of items  for the  prediction of an external criterion.     The  first 
or empirical approach has been and is  today more  commonly used in the  con- 
struction of scoring keys.     In this method the behavior  to be predicted was 
predefined by means  of an objective  criterion external to the  group of items 
which would later  constitute  the  test.     The  second or rational approach de- 
veloped with  the   lack of suitable  external criteria.     It was noted that 
even though suitable  criteria were nonexistent,   certain rational hypotheses 
about the behavior  to be predicted might be agreed upon by experts,  and 
items  then written to measure such behavior.    The value  of each item would 
then be  determined by the extent to which it measured the behavioral com- 
plex that the entire  test measured. 

It if apparent that, in contrast to the empirical method, the selec- 
tion of items on the basis of Internal consistency would result in a test 
of narrow significance in relation to +he criterion, especially in the case 
where the behavior to be predicted was Itself poorly defined. Realizing 
this inadequacy, test makers then resorted to the use of unrelated groups 
of rational hypotheses and the consequent construction of multiple tests, 
each of which was  to represent a portion of the  criterion complex,, 

In this  study the  latter approach has been somewhat departed from in- 
asmuch as  the  study was restricted to the  use  of the previously constructed 
Biographical Inventory CE608C.     This   inventory grew out of the  compilation 
of the most valid items  of previous  inventories  plus additionally edited 
items,  and it was  used experimentally by the United States Air Force.    Even 
though the  inventory was not developed in accordance with predetermined 
rational hypotheses,   fortunately,   it was  later shown that the  items  could 
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be analyzed Into meaningful subgroups.     It van  thus  possible   to analyze   the 
Biographical Inventory with both  the rational  and empirical approach.     The 
study vaa   designed   in  order  to be  able   to  key this  heterogeneous assortmert: 

of biograohical items  systematically by  the   two independent methods and to 
follow with a statistical and psychological comparison,   including the valid- 
ation of" the  r; tlonal or homogeneous  keys and a  cross-validation of both 
sets   of keys   on a  subsequent sample. 

The  sample with which both keys were validated, and cross-validated was 
officer  candidates   in the Air Fore:-.    Since  there was an insufficient num- 
ber  of officer  candidates who had been administered  CE608C and for whem cri- 
terion grades  were  available,   the  homogeneous  keys were  developed on a sam- 
ple  of 1000 basi_. airmen from the airman population. 

The  homogeneous   keys were  derived by the rr.ethoci of maximizing test 
saturation.    This method basically maximizes  the   item contribution of com- 
mon factor variance   to the  total variance  of the test.     Out of 183  items 
available  for  keying,   111,   or  58 per cent,  were  used to evolve   12  fairly 
independent homogeneous  categories   (average r  =   .15),.     Seven items  unused 
in the  independent categories  plus  eight items which were  used in the  in- 
dependent categories were  combined to form a  thirteenth category.     This 
category correlated high with one-half of the  independent categories  and 
thus  tended  to be-a general factor. .--'. .   -., 

By the Glese'r-BuBols method for maximizing test validity four empiri- 
cal keys were  developed on the  four  criteria:     final grade,  military grade, 
academic  grade, and pass/fall.     The   keys were  composed of 39,   ^-0,   39*   and 
19 items   or 20,   21,   20,   and 10 per cent,  respectively,   of 183  items avail- 
able. 

The  empirical keys  yielded four correlations with  the  criterion for 
the  sample  on which they Were  constructed,  ranging from .^3  to  .58.     Valid- 
ation of the  homogeneous  keys  on the same sample resulted in four multiple 
correlations  ranging frcm  .2b to  .35.     The   independence  of the  homogeneous 
keys,   excluding the  general factor,   held up  in this  sample  since  the aver- 
age  intercorrelatlon increased less  than  .01. 

The  cross-validation of both sets  of keys   on an external sample re- 
sulted in considerable shrinkage which may have been caused by criterion - 
instability,   or by the  capitalization on chance error  in the first sample. 
Tbp cross-validity coefficients ranged from .1? to  .30 for the empirical 
keys and from .15 to   .26 for the~ hemogeneous   keys. 

On the basis  of the  statistical and psychological comparisons made be- 
tween the  two sets   of keys,   the  following conclusions are  drawn: 

1.     While  few homogeneous  key validities were significant,   the 
multiple  correlations  of the  optimally weighted keys against each criterion 
were highly significant.    This was  caused by  the  fact that the valid vari- 
ance  of the  Individual keys was fairly specific. 
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2. The   independent homogeneous   keys  accounted for most of the 
valid variance   in each multiple  correlation;   therefore,   the  homogeneous 
key resembling a  general  factor added negligibly   to the multiple. 

3. Both the  empirical and homogeneous  keys yielded significant 
validities. 

h,    A comparison of the validities  indicates   that neither method 
of keying proved superior. 

5. Both sets   of keys  shoved significant shrinkages,  with the 
empirical keys showing significantly greater shrinkage  for all four cri- 
teria than the homogeneous  keys.     This  can be  explained by the  greater cap- 
italization en chance  error by the  empirical method. 

6. The  homogeneous  keys were psychologically meaningful and the 
empirical keys were not.     The  former should therefore  provide more  clues 
for criterion definition and revision;   however,   the validities  of this 
study were  of insufficient magnitude  to demonstrate  this  empirically. 

On the basis  of the  above  conclusions  and within the  limitations  of 
this  study,   it is recommended that where a heterogeneous  test  is being 
keyed on strictly an empirical basis,   the method should be  evaluated in re- 
lation to criterion  improvement and understanding as well as prediction. 
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